The occurrence and distribution with respect to plantation age, of insect pests and fungal pathogens were studied over a live-year period in Tasmanian plantations of the native eucalypt, Eucalyptus globulus Labill., and the introduced E. nitens Maiden. A total of 45 taxa of pests and pathogens were identified either by their presence, or by their symptoms, from 289 plantation visits distributed in the north and southeast of the island. Thirty-live taxa were identified on each plantation species. The three taxa, Chrysomelinae, Mycosphaerella spp., and Mnesampela privata were the three most commonly encountered taxa on each host eucalypt species. Other commonly encountered taxa were Acrocercops laciniella, Gonipterus scutellatus, Phaeothyrolium microthyrioides, and Uraba lugens. Some taxa showed a preference for one or other host eucalypt species while other taxa showed no preference. Some taxa preferred younger plantations, while others were more abundant in older plantations. This plantation age-linked distribution is discussed in relation to foliage phase change in the two host eucalypt species.
INTRODUCTION
The establishment of eucalypt plantations began in Tasmania in the late 1970s as an alternative source of fibre and solid wood to native forests (Tibbits 1986 ). After experimentation with several species, the two main species selected for plantation establishment were the native Tasmanian species, Eucalyptus globulus Labill., Tasmanian Blue Gum, and the mainland Australian species Eucalyptus nitens Maiden, Shining Gum, a native of Victoria and New South Wales. Plantation establishment with these two species has expanded to the point where there are now in excess of 150 000 ha in Tasmania (National Forest Inventory 2005) . Harvesting of these plantations commenced in the 1990s and many plantations are now in their second rotation.
Land available for plantation establishment in Tasmania lies between sea level and about 700 m elevation in regions that receive a regular rainfall of greater than 600 mm per annum. E. globulus is less cold hardy than E. nitens and it is therefore generally established in warmer sites where heavy frost does not occur. As a Tasmanian native tree species it could be expected that E. globulus plantations would be attacked by the insect pests and fungal pathogens that attack the species in native regrowth forests. Outbreaks of pests and diseases in Tasmanian eucalypt plantations led to the development of plantation health surveillance programs in the late 1990s (de Little 2002 , Stone et al. 2003 , Carnegie, 2007a , 6, 2008 .
Both eucalypt species exhibit strong heterophylly with foliage phase change occurring in the early years of the plantation cycle. Observations on pest and disease outbreaks suggested that some might favour juvenile foliage or plantations before canopy closure, while others favoured older plantations post canopy closure and with adult foliage. Predictable temporal variations in pest and disease occurrence could enable more efficient monitoring programs.
The current study reports on insect pests and fungal pathogens encountered in Tasmanian E. globulus and E.
nitens plantations managed by Gunns Limited (formerly North Forest Products) during a five-year plantation health surveillance program between 1998 and 2002.
METHODS

Survey methods
The locations of plantations surveyed on the main island of Tasmania are shown in figure 1. Plantations were neither thinned nor pruned and typically varied in size from about 10-100 ha with trees planted at a spacing of approximately 3 m 2 , giving approximately 1100 trees per ha. Plantation age varied from 1-21 years old. Each plantation visited was surveyed by driving as much as was possible of the perimeter and access roads and also by walking at least three widely spaced transects into the plantation perpendicular to the access road. Length of transect walked was determined by the rate of acquisition of new pest and disease information for the plantation but rarely exceeded 100 m.
Identification methods
Pest and disease organisms were identifi ed by visual detection of their direct presence in association with plantation trees and/or through health disorder symptoms observed on the trees. Where it was not possible to identify causal organisms directly in the field, samples and photographs of the organism and/or its damage symptoms were collected. Samples were maintained in cool storage, and forwarded to relevant experts for identifi cation or compared with descriptions and figures Both E. nitens and E. globulus exhibit heterophylly, undergoing a change in leaf morphology from juvenile to adult foliage as trees age. The rate of transition from juvenile to adult foliage is presented in figure 2 . The general pattern appears to be similar for both E. nitens and E. globulus plantations but not equivalent (p <0.001). It appears that the rate of reduction in purely juvenile plantations is similar for both species but the transition rate from mixed plantations to adult plantations is greater for E. globulus.
Twenty-eight taxa (family to species level) of insect pests and 21 fungal pathogens were identified in the plantations These were grouped into insect defoliators (13), insect (8), insect borers (4), insect leaf miners (2), insect gall-formers (1), fungal leaf diseases (17), fungal shoot diseases (1), fungal stem cankers (2) and fungal root diseases (1). Full details are given in table 2. Qf'"'\f'''T of occurrence varied greatly between pest and ,,-t-'h n.
•.-.,..e>f'"'\ taxa. Some of the pest and pathogen occurrences .-."",lr,rf"7'"",I"T evenly distributed between E. nitens and E. globulus. Several appeared to favour either one or other host species, e.g., Ctenarytaina eucalypti (Maskell, 1890) 2002, 1996) pvr\I'"l1n1t""lrY variation in the number of plantations with year and their interaction were used as eXf)laJrlatonr v~tndlblt~s in the model. Those terms not C'frr"nfh,.,...r.,r at the 50/0 level were removed from the model. A £Olo(tne~)s-()t-jl1J test is available for these models. This tests h"Tr,n.rh"",c'fC' that the model provides an adequate a high p-value in this test indicating that is no evidence to this hypothesis. The second most commonly recorded insect pest was Mnesampela privata (Autumn Gum Moth) (pI. IB). Presence of this pest was detected by occurrence of eggs or egg cases, larvae, or characteristic webbing and defoliation patterns on leaves (Steinbauer etal. 2001) . M. privata did not prefer one host species over another but the age of the plantation did affect the incidence (p=0.037). The profile of incidence over time indicates that young plantations have higher incidence than older ones ( fig. 3 ). This finding is consistent with the observation that M. privata only attacks juvenile foliage (Steinbauer 2002) . M privata was recorded throughout the entire spatial and altitudinal range of plantations.
Other commonly recorded insect defoliators were Uraba lugens (Gum-leaf Skeletoniser) and Gonipterus scutellatus (Eucalypt Snout Weevil) (pI. 1C, D). Presence of both species changed with plantation age (p=0.002 and p=0.02 respectively). It was possible to assess the preference of U lugens to plantation type. This test indicated that there is evidence of preference (p = 0.029). There were insufficient data on E. nitens to perform a similar test for G. scutellatus ( fig. 3) .
Less commonly recorded insect defoliators were Heteronyx spp (Cockchafers), Cadmus australis (Boisduval, 1835) and Tortricidae (Leaf-rollers) (pI. IE, F, G).
(Cooke) Hansf. to be highest at age 2-4 years in several trials in New South Wales.
The second most commonly recorded fungal leaf disease was Phaeothyrolium microthyrioides. This species was widespread on juvenile foliage and is recognised by the characteristic "oil blotches" on leaves (pI. 3B). It is much more commonly found on E. nitens where its presence changed significantly over time (p <0.001). Presence appeared to peak in three-year-old plantations. The presence of P microthyrioides on eucalypt and Corymbia plantations in New South Wales was recorded by Carnegie (2007a, b) although not on either E. globulus or E. nitens. 
Other fungal leafdiseases were
Insect sap-suckers
The most commonly occurring taxon was Coreidae (pI. 2A), identified by the characteristic damage symptoms ofwilted or pruned young shoots. This damage is caused by two species, Amorbus obscuricornis (Westwood, 1842), Gum-tree Bug, and Gelonus tasmanicus (Le Guillou, 1841), Tasmanian Gelonus Bug. Another commonly encountered taxon on very young trees was Ctenarytaina eucalypti, Bluegum psyllid (pI. 2B).
Insect borers
None of the four insect borers that were encountered was common or widespread.
Insect leaf miners
Acrocercops laciniella (Blackbutt Leaf-miner) (pI. 2C) was very commonly encountered (mainly in the north of the island) on both eucalypt species. It was recognised by the characteristic "blister" caused by larvae feeding under the leaf epidermis and changed in presence (p=0.028) with increase of plantation age ( fig. 3) . It appeared to show no h ..",·t-p ..pnr~p for either host
Root diseases
Only one root teredo Armillaria sp. (pI. 4), was encoun-
Insect gall formers
Ophelimus sp. (Blue-gum Chalcid) was encountered only on E. globulus in a restricted area in the central north of the island. It was recognised by the characteristic galls formed on young shoots (pI. 2D) that led to twisted and distorted trunks and branches in older trees.
Other fungal pathogens
Neither shoot diseases nor stem canker diseases were common or
DISCUSSION
Fungal leaf diseases
The most commonly encountered fungal leaf disease was "Crinkle Leaf" caused by Mycosphaerella spp.
E. globulus plantations were more susceptible to attack by Mycosphaerella than E. nitens plantations (p=0.007). Both types ofplantations exhibited a significant (p<O.OO 1) rn",no-p 1n incidence over time. Presence appeared to peakin 3-5-year-old plantations, coinciding with maximum quantities ofjuvenile foliage and the onset of canopy closure and the transition to adult foliage 4). (Bashford 1993 , Yuan 1999 
